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1. Introduction 


The importance of soil Testacea has been the object of considerable speculation but little 
intensive study in the past. For example, poorly known aspects of testacean ecology are 
annual population dynamics, secondary production, biomass turnover and impact on the 
organic cycle. Species of the family Euglyphidae have received some detailed study on 
taxonomy (Deciorrre 1962, 1976, 1979, 1981, 1982; Cotrraux 1979; OGpEN 1981), geo- 
graphical distribution (Wames & Penarp 1911; pe Graar 1956; Bonner & Tuomas 1960; 
Deciorrre 1962, 1976, 1979, 1981, 1982; Louster 1976), basic biology (Carter 1865; 
Penarp 1890; Wares 1915; Harr & Loerer 1930; Hepiey & Ocpen 1973, 1974a, b; 
Hepiey et al. 1974), and test structure and reproduction (Nerzer 1972, 1977a, b), but 
limited study with regard to population ecology. Smrru (1973) provided monthly estimates 
of the density of Corythion dubium Taranek in an Antarctic peat site. Biweekly density 
estimates for 11 species of Euglyphidae were obtained by Scuinporn (1975) for a coniferous 
and a deciduous forest soil. Other studies have attempted to estimate densities, biomass, 
secondary production, biomass turnover and generation times for other Testacea as well as 
the Euglyphidae (Louster 1974 a, b; SCHÖNBORN 1975, 1977, 1978, 1982/3; Cotreaux 1976, 
1978; LAMINGER et al. 1980; Foissner & Apam 1981). However, there has been no reporting 
of an intensive population study of the Euglyphidae which details (1) the annual variation 
in total density, biomass, production and turnover in each of the soil and litter layers, (2) 
the relationship of the Euglyphidae to the total testacean community, and (3) the relative 
importance of the Euglyphidae in the soil and litter. It is the intention of this paper to report 
the results of such a study which was carried out in a cool temperate deciduous woodland 
and lasted for 57 weeks. 


2. Site and methods 
2.1. Site location and description 


The general study area comprised about 21 km? at the northern end of the Kananaskis Valley 
in the Fisher Range of the Rocky Mountains of Alberta, Canada. Louster (1974a, 1975) and Lousier 
& Parxryson (1976, 1978, 1979) have provided detailed descriptions of the site, including additional 
information on the soil, vegetation, meteorology, litter input, litter decomposition and litter and soil 
chemistry. 

To briefly summarize then, the study site was an aspen woodland located at 1,400 m ASL on a 
well-drained, south-facing stope. The climate is essentially continental, characterized by short, dry 
summers and relatively long, cold winters with intermittent, warm, chinook winds. The soil has been 
classified in the orthic gray luvisol subgroup, with a surface organic horizon (mor) easily separated 
into L(whole litter), F (fragmented litter), H (humus) and Ah (black mineral) layers (Louster 1974). 
The canopy was dominated by trembling aspen (Populus tremuloides Micux.) with balsam poplar 
(P. balsamifera L.) being less frequent in occurrence. Various grasses, herbs and wild rose shrubs 
were the main components of the understory. 
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Table 1. Occurrence, distribution, biomass (mg 10-8 cells) and constancy of species of Euglyphidae in the organic layers of the aspen woodland soil 


Species observed Biomass No. of cells Distribution Constaney (%)°) 

a eae i F H Ah L F H Ah 
Euglypha laevis (EHRENBERG) PERTY 3.8 + 0.38) 100 ai) ba FIF FF +/+ 100 100 100 82 
E, rotunda Waites et PENARD 3.5 +0.83 100 +/+ +/+ +/+ +/+ 100 100 100 30 
E. scutigera PENARD 76 +0.5 100 ++ +/+ +/+ +/+ 100 100 100 100 
E. cuspidata BONNET 1.5 +01 100 +/+ +/+ +f hate 100 100 100 0 
E. compressa CARTER F 241+1.0 30 +/+ tet ++ i 22 10 0 0 
E. compressa f. glabra WAILES 241411 30 +/+ +/+ —|+ —(- 22 22 0 0 
E. polylepis (BONNET) DECLOITRE 88+0.6 10 —| I+ +/+ /+ 0 0 16 0 
Trinema lineare PENARD 2.0+0.2 100 +/+ +/+ +/+ +/+ 100 100 100 100 
T. enchelys (EHRENBERG) LEIDY 9.8 + 0.6 100 +/+ +/+ +/+ +/+ 100 100 100 96 


a) Standard Error 

d) Observed as living/observed as empty tests 

©) Constancy: Species observed in > 50%, of samples — constant in frequency ; Species observed in 25—50% of samples — incidental in frequency; Species 
observed in < 25% of samples — accidental in frequency (Coteaux 1976). 


2.2. Sampling and analysis 


The arrangement of the study plots in the aspen woodland site has been illustrated in Louster 
& Parktyson (1979); the sample preparation techniques and sample examination procedures were 
outlined in Louster & Parkinson (1981a); and the sampling program and population analysis 
equations have been detailed in Louster (1984). 


3. Results 
3.0. General 


Nine species of Euglyphidae were observed as live cells or empty tests throughout the 
study period in the aspen woodland soil (Table 1). Only 6 of these species could be considered 
constant in frequency (sensu CotrEaux 1976); three others were either incidental or accidental 
(Table 1). Only the six constant species were subjected to the detailed population analysis. 
Table 1 also presents the biomass (wet mass 10-6 cells) measured for each species of Euglyphi- 
dae recorded in the study period. Estimates of the live mass of an individual cell were made 
by calculating the volume of the cell and assuming a specific gravity of about 1.0 (HEAL 
1970). The estimates were made primarily on live individuals isolated from field samples 
with some augmenting measurements from the Cotreavx slides. There was no observed 
seasonal or spatial variation in cell size or biomass. The estimates given in Table 1 compare 
favourably with those for the Euglyphidae from moder humus examined by SCHÖNBORN 
(1975, 1977, 1978) but are substantially less than the estimates given in SCHÖNBORN (1982) 
for mull humus. 

Only E. laevis, E. rotunda, E. scutigera, T. lineare, and T. enchelys were found living in 
all 4 soil layers. Æ. cuspidata was not observed as living in the Ah layer and, in fact, decreased 
in abundance from the L to the H layer (Fig. 4). This species was one of the two initial 
colonizing species on aspen and balsam poplar litter (Loustrr 1982) and appeared to favour 
the litter environment. Æ. compressa and E. compressa f. glabra, found only in the L and F 
layers, were also early colonizers and decreased in abundance with the age of the litter 
(Louster 1982). Æ. polylepis was sparse in number, a late colonizer and also increased in 
number with litter age. This may help explain the presence of live Æ. polylepis in only the 
H layer. 

3.1. Euglypha laevis 


The weekly fluctuations in abundance of active, encysted and empty tests are illustrated 
in Fig. 1 and the population data are summarized in Table 2. The fluctuations of living 
E. laevis throughout the year were similar in pattern in the F, H and Ah layers; there were 
no evident or statistical relationships between the fluctuations in abundance and soil moi- 
sture variation. Active and encysted L-layer Æ. laevis fluctuated quite differently from the 
numbers in the other layers during the study period. The May—June drop and subsequent 
increase in the abundance of active forms in the L layer occurred simultaneously with an 
identical pattern in L-layer moisture fluctuations. The response of the active population to 
the increasing moisture content produced the highest reproductive rate and one of the 
highest biomass turnover rates recorded for the year. There was, however, no strong statistical 
relationship at this time between population fluctuations and litter moisture changes. 

Rate of natural increase (r), biomass production (Pz) and biomass turnover (Ps/B) 
were highest in spring in the L and Ah layers and showed no seasonal trends in the H layer. 
No seasonal trends were the rule in the F layer except that biomass turnover had peaks in 
spring, summer and fall only. The fastest generation times recorded were: L — 2.0 days 
(mid-June), F — 1.0 day (mid-July), H — 1.1 days (late February), and Ah — 2.0 days 
(mid-June). Æ. laevis appeared to favour the litter environment in that the species had higher 
relative density and biomass in the L and F layers and w*s ranked low relative to all the 
species in terms of production statistics in the Ah layer. However, it has its highest Py- 
Pz and T in the H layer (Table 2) and was ranked second highest of 21l species in r and P»/B 
for the H layer. Æ. laevis accounted for about 5% of the annual Euglyphidae Psg and 3% 
of the total annual Ps in the aspen woodland soil. 
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Table 2. Summary of the population parameters calculated for Euglypha, laevis 


L F ae Ah 
Annual mean density 0.47 + 0.04*) 1.66 + 0.19 2.22 + 0.27 0.04 + 0.01 
(D) (>< 108 m-) 
Annual mean relative density 2.77 + 0.19 2.91 + 0.25 1.96 + 0.24 0.67 + 0.05 
(RD) (%) 
Annual mean biomass 1.78 + 0.16 6.80 + 0.85 8:15 + 0:99 1.35 + 0.10 
(B) (mg m=) 
Annual mean relative 4.29 + 0.46 3.28 + 0.32 2.40 + 0.22 1.11 + 0.05 
biomass (RB) (%) 
Production numbers 56.89 562.01 951.63 37.68 
(Px) (x 108 m= y=) 
Annual mean r (day~) 0.015 + 0.08 0.249 + 0.021 0.276 + 0.016 0.200 + 0.013 
Annual mean generation 9.6 + 1.5 5.5 + 0.9 3.1 + 0.3 15.9 + 4.7 
time (T) (days) 
Number of generations 56.8 118.4 130.5 26.6 
(G)(y™) 
Annual mean mortality 9.0 + 0.3 11.0 + 0.3 11.9 + 0.2 12.9 + 0.3 
(M) (% day) 
Production biomass 216.2 2,135.6 3,616.2 143.2 
(Ps) (mg m- y=) 
Annual mean Pg/B 2.5 + 0.3 12.6 + 4.7 11.8 + 2.0 6.1 + 0.5 
(week) 
*) Standard error. 
Table 3. Summary of the population parameters calculated for Euglypha rotunda 

L F H Ah 
Annual mean density 0.20 + 0.02*) 2.45 + 0.38 2.74 + 0.44 0.08 + 0.02 
(D) («108 m=?) 
Annual mean relative 1.16 + 0.11 3.59 + 0.36 1.90 + 0.24 1.12 + 0.10 
density (RD) (% 
Annual mean biomass 0.70 + 0.06 9.09 + 1.51 8.68 + 1.34 0.71 + 0.21 
(B) (mg m?) 
Annual mean relative 1.73 + 0.20 3.56 + 0.42 2.32 + 0:27 1.68 + 0.11 
biomass (RB) (%) 
Production numbers 18.94 922.54 1,053.63 69.80 
(Px) (x 10° m2 y=) 
Annual mean r (day) 0.092 + 0.008 0.287 + 0.028 0.248 + 0.021 0.182 + 0.014 
Annual mean generation 11.4 + 1.5 4.9 + 0.7 6.7 + 1.6 6141.3 
time (T) (days) 
Number of generations 48.6 143.1 131.4 34.1 
(G) (y=) 
Annual mean mortality rate 8.2 + 0.19 11.3 + 0.27 10.8 + 0.29 13.1 + 0.24 
M) (% day) 
Production biomass 66.3 3,228.9 3,687.7 244.3 
(Ps) (mg m y=) 
Annual mean Pp/B 2.3 + 0.35 22.1 + 8.0 8.1 41.14 4.3 + 0.99 


(week) 


*) standard error 


3.2. Euglypha rotunda 


E. rotunda is structurally very similar to Æ. laevis and had a biomass almost identical 
to that for Æ. laevis (Table 1). E. rotunda was less abundant than Æ. laevis in the L layer but 
slightly more abundant in the F, H and Ah layers (Fig. 2). The patterns of fluctuations in 
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Fig. 2. The annual fluctuations of numbers of active, encysted and empty tests of Euglypha rotunda 
(----- encysted tests; @ indicates significant difference from previous @ for active or empty tests; 
@ indicates significant difference from previous @ for encysted tests). 
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numbers were very similar but the magnitude of the fluctuations for active E. rotunda was 
slightly greater. Active Æ. rotunda in the L layer responded to the May—June moisture dip 
in a pattern similar to that of E. laevis but the recovery response in Æ. rotunda was slower. 
The summary of the population data in Table 3 indicates that in the L and Ah layers, 
r, Py and P»/B were highest in early spring and fall; in the F and H layers, r and Pg showed 
no seasonal trends but P»/B was highest at various times throughout the summer and late 
autumn. The most rapid generation times were: L — 2.4 days (early May), F — 0.9 day 
(mid-July), H — 1.2 days (late February), and Ah — 1.7 days (early April). Based on the 
data in Table 3 and the rankings of all the species, Æ. rotunda appeared to be more successful 
in terms of production and turnover in the F and H layers. For example, the P»/B recorded 
for the F-layer population was the highest recorded in the study. About 6% of the annual 
euglyphid Px and 3.5% of the total annual testacean Pn was attributable to Æ. rotunda. 


3.3. Euglypha scutigera 


The population level of active Æ. scutigera in the L layer was fairly even throughout the 
year except for an extended peak after leaf fall (Fig. 3). The number of active forms more 
than quadrupled but then returned to the prefall level in late November. The population 
levels in the other layers also peaked after leaf fall but the elevated levels were not main- 
tained as long and this peak was only one of a series of peaks during the study period. This 
species had a greater relative proportion of cysts than did the other Euglypha spp. and there 
was some indication of an inverse relationship between numbers of active forms and numbers 
of eneysted forms. The prominent peaks in cyst abundance in April 1972 in the F, H and Ah 
layers coincided with peaks in r, Py and Pp/B. It was possible that the complete or near 
complete encystation of a population during a period of high production and turnover was 
caused by increased levels of free soil water due to the advanced stages of snow-melt and 
increasing soil and litter temperatures (Lousier 1984) inhibiting cellular activity. 

L- and Ah-layer levels of r, Ps and Pp/B were maximum in the spring and fall while 
F-layer levels showed no seasonal trends. The reproductive rate showed no seasonal trends 
in the H layer, but Pg and P»/B peaked only in spring, summer and fall. The fastest generation 


Table 4. Summary of the population parameters calculated for Euglypha scutigera 


L F H Ah 
Annual mean density 0.18 + 0.03*) 0.29 + 0.05 1.5 + 0.27 0.42 + 0.06 
(D) (x108 m=) 
Annual mean relative 1.27 + 0.13 0.65 + 0.12 1.14 + 0.17 3.43 + 0.46 
density (RD) (%) 
Annual mean biomass 1.39 + 0.23 2.18 + 0.35 10.33 + 1,75 10.64 + 1.56 
(B) (mg m) 
Annual mean relative 2.95 + 0.29 1.15 + 0.16 2.88 + 0.37 8.92 + 0.92 
biomass (RB) (%) 
Production numbers 20.16 121.16 284.32 326.04 
(Px) x108 m= y~) 
Annual mean r (day) 0.108 + 0.010 0.308 + 0.027 0.182 + 0.014 0.151 + 0.011 
Annual mean generation 9.7 + 1.0 4.7 + 0.8 6.6 + 1.1 (5 + 1.2 
time (T) (days) Z 
Number of generations 53.1 145.7 87.1 71.8 
(G) (y*) 
Annual mean mortality rate 9.2 + 0.1 12.2 + 0.2 10.2 + 0.3 9.4 + 0.3 
(M) (% day) 
Production biomass 153.2 920.8 2,160.8 2,477.9 
(Px) (mg m=? y=) 
Annual mean Pg/B 2.8 + 0.4 20.4 + 4.4 4.3 + 0.5 3.6 + 0.5 
(week) 


*) standard error 
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Fig. 3. The annual fluctuations of numbers of active, encysted and empty tests of Euglypha scutigera 
( encysted tests; @ indicates significant difference from previous @ for active or empty tests; 
@ indicates significant difference from previous @ for encysted tests). 
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times recorded were: L — 1.6 days (mid-October), F — 1.0 day (mid-July), H — 1.8 days 
(late May, mid-July) and Ah — 2.1 days (early June, late October). Px increased with depth 
to the Ah layer — Æ. seutigera was the only species to do so (Table 4). Compared to the other 
13 constant species in the testacean community, Æ. scutigera had the highest r and G, lowest 
D and RD, and the second highest Px/B for the F layer. E. scutigera was near the lower end 
of the range for biomass turnover in the L, H and Ah layers, and represented about 3% 
of the total annual testacean production biomass and 4.5%, of the euglyphid Peg (Table 4). 


3.4. Euglypha cuspidata 


The graphs of active E. cuspidata in each layer had two similarities: a post-leaf fall peak 
and an early spring 1973 peak (Fig. 4). An interesting aspect of the post-leaf fall peaks was 
that they were not coincident, i.e., the F-layer peak occurred three weeks after the L peak 
and the H peak occurred two weeks later than the F-layer peak. The early spring 1973 peaks 
and the post-leaf fall peaks occurred when soil temperatures were similar, i.e., just above the 
freezing mark. The mid-spring 1972 peak in the L layer occurred during the major May—June 
litter moisture content drop. The population of active Æ. cuspidata grew until litter moisture 
levels dropped to about 55%; as the moisture level continued to drop, the population also 
fell substantially. 

E. cuspidata was the only species in which the annual mean population density and bio- 
mass decreased with depth (Table 5). D, B and Py in the L layer were the highest for any of 
the Euglypha spp. and in the top third in comparison with the 13 other constant species. 
Despite this obvious abundance in the L layer, this species was only third overall in produc- 
tion in the L layer. Æ. cuspidata production in the F and H layers was second from the lowest 
ranking for all the species. Generation times decreased with depth and r, G and P»/B were 
highest in the F layer. Compared to the other constant species, E. cuspidata was in the top 
third in terms of r, G and P»/B in the F and H layers. 

The rate of increase was highest in summer in the L layer and had no seasonal trends in 
the F and H layers. Ps peaked in the spring and fall in the L and F layers, and spring, summer 
and fall in the H layer. Ps/B was highest during late spring and summer in all the layers. 


Table 5. Summary of the population parameters calculated for Euglypha cuspidata 


L F H Ah 
Annual mean density 1.25 + 0:13*) 0.72 + 0.11 0.71 + 0.07 = 
(D) (x108 m=) 
Annual mean relative 7.41 + 0.58 1.33 + 0.23 0.74 + 0.16 — 
density (RD) (%) 
Annual mean biomass 1.87 + 0.21 1.13 + 0:20 0.98 + 0.10 o 
(B) (mg m=?) 
Annual mean relative 3.88 + 0.36 0.50 + 0.06 0.31 + 0.03 — 
biomass (RB) (%) 
Production numbers 193.6 258.1 314.1 — 
(Px) (x10 m- y+) 
Annual mean r (day~?) 0.135 + 0.012 0.284 + 0.023 0.263 + 0.015 — 
Annual mean generation 11.4 + 3.0 Da 15 3.6 + 0.4 — 
time (T) (days) 
Number of generations 66.0 136.6 126.0 — 
(G6) (y) 
Annual mean mortality rate 9.9 + 0.18 12.1 + 0.20 11.9 + 0.19 -= 
(M) (% day) 
Production biomass 290.4 387.1 471.1 — 
(Ps) (mg m=? y=) 
Annual mean P»/B 3.9 + 0.7 16.9 + 4.2 STELL — 
(week-!) 


*) standard error 
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Fig. 4. The annual fluctuations of numbers of active, encysted and empty tests of Euglypha cuspidata 
(----- encysted tests; @ indicates significant difference from previous @ for active or empty tests; 
@ indicates significant difference from previous @ for encysted tests). 


The fastest generation times observed were: L — 1.4 days (mid-August), F — 1.0 day 

(mid-July), and H — 1.5 days (mid- and late May, late June). E. cuspidata accounted for 

about 0.6% of the total annual secondary production and about 1%, of the Euglyphidae Px. 
3.5. Trinemia lineare 


The weekly fluctuations in numbers of active, encysted and empty tests are shown in 
Fig. 5 and the population parameters are summarized in Table 6. 7. lineare can be described 
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Table 6. Summary of the population parameters calculated for Trinema lineare 


L F H Ah 
Annual mean density 1.84 + 0.33*) 14.23 + 3.78 35.63 + 8.80 2.51 + 0.43 
(D) (x108 m-*) 
Annual mean relative 11.24 + 1.46 16.62 + 1.66 17.50 + 1.68 14.51 + 1.16 
density (RD) (%) 
Annual mean biomass 3.80 + 0.76 30.16 + 8.96 60.53 + 14.20 16.18 + 2.84 
(B) (mg m=) 
Annual mean relative 5.79 + 0.68 11.09 + 1.67 13.74 + 1.78 12.25 + 1.30 
biomass (RB) (%) 
Production numbers 728.8 3,464.3 6,260.2 3,368.8 
(Px) (x108 m-? y7!) 
Annual mean r (day~t) 0.214 + 0.018 0.237 + 0.023 0.224 + 0.014 0.230 + 0.011 
Annual mean generation 4.8 + 0.63 4.8 + 0.61 4.3 + 0.47 3.8 + 0.57 
time (T) (days) 
Number of generations 104.7 119.9 107.3 110.6 
(G) (y) 
Annual mean mortality rate 11.5 + 0.16 11.4 + 0.24 11.4 + 0.22 11.9 + 0.08 
(M) (% day~*) 
Production biomass 1,457.6 6,928.6 1,5220.3 6,737.5 
(Ps) (mg m? y) 
Annual mean (Pg/B) G4 ENT 8.8 + 1.6 5.2 + 0.6 6.4+ 1.7 
(week) 


*) standard error 


generally as a very successful, ubiquitous soil and litter testacean (ScHONBORN 1983). In the 
L layer, the June peak in abundance of active forms coincided with the litter moisture content 
recovery discussed above. The L layer population was distinguished by its major, sustained 
peak during leaf fall as opposed to the peaks in the F, H and Ah layers being recorded up 
to one month after leaf fall. There were no apparent explanations for the magnitude of the 
early spring 1973 peaks in all layers. 

Rates of increase showed no seasonal trends in the L, F and Ah layers and lower values 
in the winter-early spring period in the H layer. Pg peaked in the spring and late summer-fall 
periods in the L layer and showed no seasonal trends in the F, H and Ah layers. Spring and 
late summer-fall were the periods of highest Py/B in the L and Ah layers with no seasonal 
trends evident in the F and H layers. The fastest generation times recorded were: L — 1.2 
days (early June), F — 1.3 days (mid-July, late August, early December), H — 1.7 days 
(mid-August), and Ah — 1.9 days (early February). In relation to the other constant species, 
T. lineare had the fastest and second fastest T in the Ah and L layers respectively, was near 
the top rank in terms of G in the L and Ah layers, and had the second highest totals for Px 
and Ps in the L, F and Ah layers. T. lineare was also among the top two or three species in 
terms of D and B in the L, F and H layers, and accounted for about 21% of the euglyphid 
Pp and about 13%, of the total annual production biomass. 


3.6. Trinema enchelys 


This is another very successful, ubiquitous species (ScHONBORN 1983), that was less abun- 
dant than 7. lineare but had a cellular biomass five times greater (Table 1) and an annual mean 
biomass about 60%, higher (Table 7). The population fluctuations in the L layer illustrated in 
Fig. 6 were very similar in pattern to those for 7’. lineare(Pig. 5) and peaked essentially at the 
same time. The major exception was the behavior of the 7’. lineare population during leaf 
fall — the population peaked at the initiation of leaf fall and then abruptly fell an equivalent 
amount. The population then peaked again at the end of leaf fall. The F, H and Ah layer 
population graphs are dominated by major sustained peaks throughout leaf fall and into 
mid-fall. The F-layer population was subject to frequent, large fluctuations throughout the 
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Fig. 5. The annual fluctuations of numbers of active, encysted and empty tests of Trinema lineare 
(----- encysted tests; @ indicates significant difference from previous @ for active or empty tests; 
@ indicates significant difference from previous @ for encysted tests). 


320 


50000 Trinema lineare 


30000 


8Q000 


40,000 


12Q000 


NUMBER OF EMPTY TESTS (per g dry wt) 


10000 


e 
o 
mar] APR | mar EX | JuL | auc 


1972 1973 


study period, particularly in the spring and summer. Cysts were recorded throughout most 
of the year in the L, F and H layers and sometimes exceeded active forms in abundance. 
There was some indication of an inverse relationship between cyst abundance and active 
abundance. 

Despite its abundance being lower than that for T. lineare, the annual mean biomass 
and the annual production biomass for T. enchelys far exceeded the totals for all four layers 
for all the other 14 species. For example, 64% of the total Euglyphidae production biomass 
and 40%, of the total annual Pg were attributable to T. enchelys. This species also had the 
fastest generation times for F- and H-layer species, and the highest mean r (highest mean r 
recorded in the study), the largest number of generations (largest number in the entire study 
as well), and the highest P»/B for all H-layer species. 7’. enchelys was one of only three species 
not to have its maximum annual weekly mean Pp/B in the F layer. The fastest generation 
times noted were: L — 1.5 days (early June, mid-September, mid-October), F — 0.9 day 
(mid-September), H — 1.0 day (late September), and Ah — 1.2 days (late September). 
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Fig. 6. The annual fluctuations of numbers of active, encysted and empty tests of T'rinema encelys 
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The highest intrinsic rates of natural increase found in the L layer occurred in spring, 
summer and fall; the other layers, however, showed no seasonal trends. Production biomass 
peaked in spring and È Il in the L and Ah layers but had no seasonal trends in the F and 
H layers. Production biomass turnover was highest in the spring and fall in the L layer, the 
spring, summer and full in the F layer, the summer and fall in the Ah layer, and showed no 
seasonal trends in the H layer. 
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Table 7. Summary of the population parameters calculated for Trinema enchelys 


L F H Ah 
Annual mean density 1.91 + 0.19*) 4.78 + 0.47 8.30 + 1.15 1.60 + 0.14 
(D) (x 10° m=) 
Annual mean relative 14.53 + 1.52 8.30 + 0.76 6.65 + 0.89 8.08 + 1.17 
density (RD) (% 
Annual mean biomass 18.74 + 2.21 49.31 + 5.86 75.51 + 10.46 35.20 + 5.38 
(B) (mg m=) 
Annual mean relative 40.44 + 2.51 23.23 +1.99 20.58 + 2.26 24.36 + 2.26 
biomass (RB) (%) 
Production numbers 482.8 2,428.1 4,603.0 1,017.8 
(Px) (x 10° m- y=) 
Annual mean r (day) 0.191 + 0.014 0.304 + 0.021 0.336 + 0.019 0.229 + 0.018 
Annual mean generation 5.2 + 0.7 3.3 + 0.4 2.5 + 0.3 5.0 + 08 
time (T) (days) 
Number of generations 90.4 144.6 160.2 109.3 
(G) (y~) 
Annual mean mortality rate 11.2 + 0.1 12.6 + 0.1 a (7a EO 11.8 + 0.1 
(M) (% day~) 
Production biomass 4,731.1 23,795.5 45,109.8 9,974.4 
(Ps) (mg m? y=) 
Annual mean 5.3 + 0.9 13.0 + 2.7 12.3 + 2.1 6.6 + 1.7 


Px/B (week) 


*) standard error 


4, Discussion 

There are some general comments applicable to the information presented in Fig. 1—6 
The patterns of the population fluctuations for each species were usually quite similar for 
the F, H and Ah layers, with that observed in the L layer usually quite distinct. All the 
Euglyphidae had a peak in abundance in autumn, usually immediately or soon after leaf 
litter fall. All the euglyphids maintained small, active (reproducing) populations over the 
winter period [also shown for T. enchelys in an alpine soil (LAmmNGER 1978)] and also had 
a substantial increase in abundance (and in r) during the late winter-early spring period 
before spring thaw (snow-melt was well underway but the soil was still frozen). The patterns 
of the fluctuations in numbers of empty tests roughly paralleled those for the active forms, 
perhaps indicating rapid test turnover (LoustER & Parkinson 1981b). When encysted tests 
were observed, their fluctuations in number tended to parallel the fluctuations of the active 
tests, i.e., increased and decreased together. LAMINGER (1978) showed an inverse relationship 
between numbers of cysts and actives for T. enchelys. 

From Tables 2—7, it can be seen that, except for E. cuspidata, population density and 
biomass of the Euglyphidae increased with profile depth usually to the H layer. The annual 
production totals for numbers and biomass, except for Æ. laevis, were highest in the H layer 
and lowest in the L. Æ. laevis and T. enchelys were the only 2 species to have their highest 
mean intrinsic rate of natural increase and the highest number of generations per year in the 
H layer; the other species reached these maxima in the F layer. Production biomass turnover 
was also highest in the F layer for all the species of Euglyphidae. 

It can be seen in Table 8 that the 6 constant Euglyphidae species comprised only 33% 
and 30°, of the mean annual abundance and total production numbers respectively, but 
accounted for 49% of the mean annual biomass and 64°, of the total annual production 
biomass for all species of Testacea. The other 3 species of Euglyphidae were highly inter- 
mittent in frequency and comprised less than 2% in total of all 4 statistics just referred to 
and thus were not included in the calculations. LaminGer (1978) found that the Euglyphidae 
comprised 75%, of the total living Testacea in an alpine brown-earths-podsol, about 35% of 
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Table 8. Comparisons between the 6 constant species of Euglyphidae, the 14 constant species in the 


total community, and the 28 species comprising the total testacean community 


Total for constant Totals for the 14 


Totals for all 


Euglyphidae constant species 28 species 
Mean annual density L 6.0 17.3 17.8 
(D) (108 m=?) F 24.1 62.0 64.0 
H 51.1 156.4 158.0 
Ah 4.1 20.1 20.9 
Total 85.3 255.8 260.7 
Mean annual biomass L 28.3 36.1 46.2 
(B) (mg m=) F 98.7 148.0 210.0 
H 164.2 275.8 346.1 
Ah 64.1 118.6 120.6 
Total 355.8 578.5 722.9 
Production numbers L 1,502 5,034 5,190 
(Px) (x10 m- y-) F 7,756 19,850 20,677 
H 13,467 37,052 38,197 
Ah 4,820 25,056 26,862 
Total 27,545 86,992 90,926 
Production biomass L 6,915 8,295 14,479 
(Ps) (mg m= y~) F 37,397 48,158 59,950 
H 67,566 91,428 100,995 
AH 19,57 30,504 31,107 
Total 131,455 178,385 206,531 


Table 9. Comparison of population parameters for the Euglyphidae from European sites and from 


the aspen woodland soil 


Bechwood Coniferous Moss under Beechwood Ash-Maple Aspen Wood- 
Soil Soil Beech Soil Forest land Soil 
Forest 
(1) a) (2) (8) (4) (6) 
Annual mean 360 48.8 22.3 85.3 
density 
(D) (x10° m=) 
Annual mean 324 57.8 352.6 355.3 
biomass 
(B) (mg m=?) 
Number of 43 18 101 
generations 
(OSS) 
Mortality rate 6.0 6.6 11.2 
(M) (% day) 
Production 5,400 1,300 603 27,545 
numbers 
(Px) (>< 10% m=) 
Production 39 6 0.09 35 7.6 131 
biomass 
(Ps) (g m=) 
Biomass 110 102 52 369 
turnover 
(Ps/B) 
(1) Souri IÖNBORN (1975): moder humus 
(2) Sour HONBORN (1977): moder humus 
(3) Sour HONBORN (1978): mull-like moder humus 
(4) Source: Scudnporn (1982): mull humus 
(5) Present Study: mor humus 
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Table 10. Comparisons between populations of Euglyphidae in European soils and in the aspen 
woodland soil 


Short- G M B Psg Ps/B 
est T (y3) (% day“? (mgm* (mgmy-) 
(days) 
E. rotunda 
— beechwood') 3.0 41 5.9 81.7 8.447 108.8 
— coniferous!) 3.0 12 6.4 11.3 657 59.7 
— moss?) 21 2.6 + 3.8 
— beechwood) 2.128 
— ash-maple*) <2.8 12 9.7 12.4 475 38.2 
— aspen wood- 0.9 89 10.9 19.2 7:227 376 (9.2)%) 
Jand®) 
T. lineare 
— beechwood!) 2:2 43 6.5 26.4 2,921 110.6 
— coniferous!) 2.0 24 6.8 14.6 1,385 94.9 
— moss?) 2.5 
— beechwood?) 1,876 
— ash-maple*) < 2.0 22 11.4 17.1 690 40.3 
— aspen wood- 1.2 111 11.6 110.7 27,664 250 (7.0)°) 
lands) 
T. enchelys 
— beechwood') 1.6 54 6.1 159.6 21,435 134.3 
— coniferous 3.5 15 7.9 13.3 2,320 174.4 
— moss?) 9 2.8 1.4 
— beechwood?) 20,700 
— ash-maple*) < 2.0 15 15.2 = 1898 2,338 16.8 
— aspen wood- 0.9 126 12.2 178.9 83,611 467 (9.3)°) 


Jand>) 


1) Source: ScudnBorn (1975) 

2) Source: SCHÖNBORN (1977) 

2) Source: ScudnBoRN (1978) 

4) Source: Scudnporn (1982) 

5) This study 

6) Annual weekly mean for all layers 


which belonged to the genus Trinema. In an ash-maple mull humus, the Euglyphidae com- 
prised 66, 64, 34 and 29% of the living individuals, production numbers, annual mean bio- 
mass and annual production, respectively (ScHONBORN 1982), and the Trinema spp. comprised 
77°, of the Euglyphidae counted. Several comparisons can be made with the euglyphid study 
results reported in ScHOnBorn (1975, 1977, 1978, 1982) (Tables 9, 10). Such comparisons 
showed that the aspen woodland Euglyphidae, despite being less abundant in some instances, 
generally had higher biomass, much higher production, and a higher number of generations 
per year (Table 9). Even with Æ. rotunda, the biomass in this study is lower than that from 
the beechwood soil (ScHéNBoRN 1975) but production is more than double in the aspen site 
(Table 10). 

There may be 2 factors which account for the higher euglyphid biomass — a greater 
relative proportion of 7’. enchelys in this study and possibly higher bulk densities of some or 
all of the aspen soil layers. The differences in productivity may be attributable to large 
differences in generation times (Table 10), Despite the low values for mean annual weekly 
biomass turnover, weekly Ps/B ranged to nearly 400 in some instances (Table 10), parti- 
cularly at times of prolonged, rapid population growth). 

Using the estimates of secondary production and assuming bacteria as the prime source 
of food (Srour & Hear 1967; Srour 1973, 1980a, b), it is possible to obtain an approximate 
estimate of food consumed by testacean populations (Hear 1967; Laysorn 1976; ROGERSON 
1981) (Table 11). The estimate of 876 g m~? y— of bacteria consumed by the Euglyphidae 


1) see footnote on p. 330! 
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Table 11. Energy budgets for the species of Euglyphidae in the aspen woodland soil 


E. laevis E. rotunda E. scutigera E. cuspidata T. lineare T. enchelys 
Mean annual biomass, L 1.8 0.7 1.4 1.9 3.8 18.7 
B (x10) F 6.8 9.1 2,2 abl 30.2 49.3 
ASE 8.2 8.7 10,3 1.0 60.5 75.5 
Ah 1.4 0.7 10.6 — 16.2 35.2 
Total 18.2 19.2 24.5 4.0 110.7 178.7 
Total annual production, L 0.2 0.1 0.2 0.3 1.5 4.7 
Pg F 2.1 3.2 0.9 0.4 6.9 23.8 
H 3.6 3.7 2.2 0.5 12.5 45.1 
Ah 0.1 0.2 2.5 — 6.7 10.0 
Total 6.0 7.2 5.8 1.2 27.6 83.6 
Total annual respiration losses, L a) 0.3 (0.1)») 0.2 (0.1) 0.3 (0.1) 0.5 (0.2) 2.5 (0.7) 7.8 ER 
R F 3.5 (1.1) 5.3 (1.6) 1.5 (0.5) 0.7 (0.2) 11.5 (3.5) 39.7 (11.9) 
H 6.0 (1.8) 6.2 (1.8) 3.7 (1.1) 0.8 (0.2) 20.8 (6.3) 75.2 (22.6) 
Ah 0.2 (0.1) 0.3 (0.1) 4.2 (1.2) — 11.2 (8.4) 16.7 (5.0) 
Total 10.0 (3.1) 12.0 (3.6) 9.7 (2.9) 2.0 (0.6) 46.0 (18.9) 139.4 (41.9) 
Total annual egestion losses, L 0.8 (0.2) 0.4 (0.1) 0.8 (0.2) 1.2 (0.3) 6,0 (1.5) 18.8 (4.7) 
E F 8.4 (2.1) 12.8 (3.2 3.6 toa) 1.6 (0.4) 27.6 (6.9) 95.2 (23.8) 
H 14.4 (3.6) 14.8 (3.7) 8.8 (2.2) 2.0 (0.5) 50.0 (12.5) 180.4 (45.1) 
Ah 0.4 (0.1) 0.8 (0.2) 10.0 (2.5) — 26.8 (6.7) 40.0 (10.0) 
Total 24.0 (6.0) 28.8 (7.2) 23.2 (5.8) 4.8 (1.2) 110.4 (27.6) 334.4 (83.6) 
Total annual ingestion, L 1,3 (0.5) 0.7 (0.2) 1.3 03 2.0 (0.7) 10.0 (3.6) 31.8 (11.8) 
I F 14.0 (5.3) 21.3 (8.1) 6.0 (2.3) 2.7 (1.0) 46.0 (17.3) 158.7 (59.5) 
H 24.0 (9.0) 24.7 (9.2) 14.7 (5.4) 3.3 (1.2) 83.3 (31.3) 800.7 (112.8) 
Ah 0.7 (0.4) 1.3 (0.6) 16.7 (6.2) — 44.7 (16.8) 66.7 (24,9) 
Total 40.0 (15.2) 48.0 (18.1) 88.7 (14.8) 8.0 (2.9) 184.0 (69.0) 557.4 (209.0) 


*) Values not in parentheses represent 10 °0, where P = 0.15 I, R = 0.25 I and E = 0.60 I (Rogerson 1981), 
») Values in parentheses represent optimum temperatures (15—25 °C), where Pp = 0.4 I, R = 0.2 I, and E = 0.4 I (Hear 1967; LAYBOURN 1976). 
Note: All estimates are wet biomass, mg m=, 


amounted to 64% of the total estimated to be consumed by all species of Testacea and 
represented about 40 times the annual mean standing crop of bacteria. The ratio of 
secondary production to standing crop of Testacea (Px/B) ranged from 70 to 600, averaging 
330 for all euglyphids in all layers. The amount of carbon respired per year by the Eugly- 
phidae was estimated as 22 g m~ (dry mass) x47% (carbon content of amoebae, Bann 
1959) = 10.3 g C m> y—, or 3.8% of the total annual carbon input. This also comprised 
about 64% of the respiration losses by the total testacean community, indicating that 
the Euglyphidae are functionally the dominant group of Testacea in the aspen woodland soil. 

Scuénporn (1965) cultured Testacea on sterile woodland soil and observed humus and 
litter particles in the food vacuoles of Euglyphidae. Lamincer (1978) found that, during 
periods with near field capacity soil moisture levels, T. enchelys ingested primarily bacteria. 
However, during periods of low soil moisture, T. enchelys was observed to ingest mainly 
detritus particles. While this evidence of detrital feeding cannot be ignored, it is still reason- 
able to assume (cf., Srour & Heat 1967; Srour 1973, 1980a, b; Bryanr et al. 1982; SCHÖN- 
BORN 1982), that the main source of food for the Euglyphidae, and indeed all of the litter and 
soil Testacea, would be the bacteria. Given the relatively high moisture content throughout 
the present study, it appeared that direct impact on the organic cycle by the Euglyphidae was 
minimal. 
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Synopsis: Original scientific paper 
Lousier, J. D., 1984. Population dynamics and production studies of species of Euglyphidae 

(Testacea, Rhizopoda, Protozoa) in an aspen woodland soil. Pedobiologia 26, 309—330. 

Nine species of Euglyphidae were observed as living cells or empty tests throughout the study 
period in an aspen woodland soil. Only 6 ofthese species were identified as constant and they comprised 
33 and 30% of the mean annual density and total production numbers respectively for all Testacea, 
and 49 and 64% of the mean annual biomass and the total annual production biomass for all Testacea. 
While Trinema lineare and T. enchelys numerically dominated the Euglyphidae, T. enchelys accounted 
for 64% of the Euglyphidae production biomass and 40% of the total Watacean production biomass. 
Mean annual biomass and total annual production for the Euglyphidae were estimated as 0.35 and 
131 g wet mass m~? respectively, while total annual ingestion, respiration losses and egestion losses 
were calculated as 876, 219, 526 ¢ wet mass of biomass respectively. The annual production biomass 
varied from 70 to 600 (mean of 330) times the standing crop of Euglyphidae in all the soil layers. 
The dry mass of carbon respired annually by the Euglyphidae was estimated as 10.3 g m-*, which 
amounted to 3.8% of the total annual input of carbon. 

Key words: Protozoa, Testacea, Euglyphidae, biomass, production, ingestion, egestion, respiration, 
aspen (Populus tremuloides, balsamifera) woodland soil, Canada. 


Footnote to page 326: (1) Scnöxsory (1983) described T. enchelys as a highly productive species that 
can turn over very quickly, i. e., abundance, production aud mortality are high. The present 
study demonstrates the high productivity potential of T. enchelys in natural conditions, 
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